Changes in the structure and function of the human thrombin receptor during receptor activation, internalization, and recycling.
According to current models, human thrombin receptors are activated when thrombin cleaves the receptor's N terminus, exposing the tethered ligand domain, SFLLRN. In the megakaryoblastic CHRF-288 cell line, thrombin receptor activation is followed by the rapid internalization of > 90% of the receptors. In the present studies, antibodies directed at the site of cleavage by thrombin were used to examine changes in receptor structure during activation, internalization, and recovery. As would be expected, the initial rate of receptor cleavage was directly related to the thrombin concentration. However, even after prolonged incubation, receptor cleavage was incomplete until the thrombin concentration exceeded the receptor concentration. Only cleaved receptors were internalized in response to thrombin and only catalytically active thrombin and active variants of SFLLRN-containing peptides caused receptor internalization. Over a 3-h period following receptor activation by thrombin, there was a gradual recovery of approximately one-quarter of the receptors on the cell surface. These receptors were detectable with antibodies directed at retained portions of the receptor N terminus, but not with antibodies directed at the proposed site of cleavage, confirming that they are recycled, rather than new, receptors. At 4 degrees C two-thirds of the receptors cleaved by thrombin were retained on the cell surface. Like recycled receptors these "cold-cleaved" receptors failed to self-activate when warmed to 37 degrees C, but could be activated by SFLLRN. Unlike recycled receptors, however, the cold-cleaved receptors were also internalized and appeared to be activated by a second addition of thrombin. These results 1) provide strong evidence at the protein level that thrombin cleaves its receptors at the predicted site, 2) show that receptor activation is necessary for internalization, 3) suggest that each thrombin molecule may not activate large numbers of receptors, 4) demonstrate that a substantial fraction of internalized thrombin receptors can be recycled, and 5) suggest that the failure of recycled receptors to be reactivated by thrombin may involve a change in the receptor that does not occur at 4 degrees C. Finally, the inability of cold-cleaved receptors to self activate in the absence of thrombin, suggests that in addition to cleaving the receptor, thrombin may also play an important role in guiding the tethered ligand domain to regions on the remainder of the receptor that mediate activation.